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PREFACE, 
-o-
The investigations, which were made in 
order to prepare this article, were suggested hy and 
carried out under the direction of Dr. L. V. Redman « 
The author wishes to acknowledge his in-
debtedness to Dr. Redman and to Mr» A.. J. Weith for 
suggestions and assistance, and to the companies who 
so geneously furnished samples of oils* 
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THE DRYING RATES OP RAW PAINT OILS 
A COMPARISON. 
The object of this research is to 
compare the relative drying qualities 
OBJECT OP RESEARCH 
of a series of oils used in the paint 
and varnish industry. Some of these 
oils, such as soya bean and fish oil, have been introduced 
in large quantities to the trade comparatively recently. 
The oils used in this research are linseed, fish, soya, 
bean and chinawood. Considerable work has been done upon 
the drying of linseed oil, and very recently investigations 
have been made upon suitable driers for fish, soya bean 
and chinawood oil, but not to the knowledge of the author 
has any comparison been made of the drying phenomena of 
these oils in the raw state, i. e. without driers. 
The results of some of the more important investiga-
tions upon the drying phenomena of linseed and chinawood 
oils are given below. 
i 
HISTORICAL Lippert has found that raw lin-
seed oil, when spread in thin films 
upon sheet iron, " increases in weight slowly for three 
1« Jour. Pranklin Institute, 1899, August, 156. 
days, more quickly on the fourth and becomes dry on the 
seventh. The total gain in weight is found to agree 
with that of Mulder, namely 12.4$. n The note fails to 
state whether driers were added, but from what follows it 
is probable that no drier had been added, since the ab-
stract states, * Linseed oil, strongly boiled without 
driers, dries more slowly than raw oil, and is more diffi-
cult to manipulate owing to its great viscosity, but 
eventually it absorbs within 2% of the oxygen taken up by 
the raw product. " 
2 
Olsen and Ratner found that linseed oil increased in 
weight 18.05$ when exposed in a thin film upon glass wool, 
in a stream of purified air passing at the rate of 15 
liters a day for seventy-four days. They also collected 
the water and carbon dioxide and volatile organic matter 
given up by the oil,and found that 14.55$ of water and & 
5.21$ of carbon dioxide was given off. This makes the 
total oxygen absorbed by the oil amount to 37.80$. This 
was probably raw linseed oil without driers, but the 
article does not state, 
s 
Sabin found that raw linseed oil without driers 
increased in weight to a maximum (16-18$) in seven days, 
which according to Lippert is when his linseed oil be-
camesdry, showing that setting up begins at or after 
a. Jour. Soc. Chem. Ind., 1912, 31, 937. 
a« Jour. Ind. & Eng. Chem., 1911, 3, 84-86. 
the maximum increase in weight is reached. Sabin states 
the oil did not set up until after this point was reached. 
4 
Orloff found that linseed oil increases in weight 
15-16 percent with initial setting up at 12% when the oil 
is spread out into films, weighing 0.1 to 0.15 grams over 
an area of 108 square centimeters, 
s 
Geuther finds that linseed oil will absorb 22>% 
oxygen at room temperature in the dark, 34.7# at 95° in 
light of Uviol-lamp and that the volatile products formed 
run as high as 15^. According to the results of other 
investigators, this is too high unless we subtract the per-
centage of volatile products given, which would make the 
gain in weight Q% in the dark and 19.7# in the Uviol light, 
We may conclude from these investigations that lin-
seed oil increases in weight from Q% to 18# in the absor-
ption of oxygen; that the maximum increase is reached 
about the seventh day; that setting up takes place at 
about the time the maximum increase in weight is reached 
and that the volatile products given off, consisting 
mostly of water and carbon dioxide, amount to about 15 
to 20 percent. Our linseed oil No. 1 falls readily 
into this class ( See curves ). 
6 
Meister finds that chinawood oil is slower than 
linseed oil in absorbing oxygen and 1 although a skin 
4 # Chem. Soc. Abstr., 1912, i, 158. 
5« Chem- Abstr., 1907, 1, 912. 
t* Jour. Soc. Chem. Ind. 1911, 30, 95 
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is formed upon raw tung oil within one or two days, it is 
soft and non-elastic, and not until after five or six days 
does it "become firm like linoxyn.*( See our curves for time 
and amount of maximum increase in weight). 
We have been unable to find any literature upon the 
drying of fish and soya bean oils. These two oils have 
only been recently introduced into the paint industry which 
probably accounts for the lack of information concerning 
these oils. 
Before taking up the description of the oils we used, 
we will describe the drying machine. 
The apparatus for drying (Plates 
DRYING MACHINE; 1 and 2, Figures 1 and 2) consisted of a 
motor, Sturtevant pressure blower, and a 
main equalizing chamber fitted on the side with twenty 
small shelf boxes for holding individual plates. The mot-
ive power was supplied from the power circuit during the 
day time and a storage battery at night. The fan was 
belted to the motor. 
Presh air was brought in from the outside through a 
5-inch galvanized pipe in which were placed at two-foot 
intervals three cheese cloth filters for removing insects, 
dust, etc. Each filter consisted of three layers of 
cheese cloth. The open ends of the individual boxes 
were covered with two thicknesses of cheese cloth to pre-
vent the entrance of insects. Plate I shows the arrange-
8 
ment of this curtain. 
The equalizing chamber and individual boxes were con-
structed of white pine. Figure I gives the dimensions 
of the equalizing chamber and Figure 2 the dimensions of 
the individual drying boxes. The interior of the appara-
tus was coated with melted paraffine and by this means was 
made air tight, dust and water-proof. 
The individual drying boxes were glued into slots cut 
into the side of the equalizing chamber in such a manner 
that the oil plates were perfectly level and consequently 
the oil remained distributed in a uniform film over the 
plate, with no tendency to flow in any direction. 
The air was admitted from the equalizing chamber into 
the individual drying boxes through a slot ( 2 l/2 inches 
by l/8 inch, See Figure 2 )• 
Care was taken to place the slot midway between the 
top of the box and the plate; the drying box was 1 inch 
wider than the plate which prevented eddy currents on 
the side and allowed the ready removal of the plates for 
weighing. 
The velocity of the air current in the individual 
boxes was approximately ten miles an hour. This gave an 
amount of oxygen greatly in excess (7,000,000 times more 
oxygen than the total absorbed by the oil) of that re-
quired for the oxidation of the oils* 
Any precautions taken to prevent eddy currents were 
probably unnecessary since the oxygen is so greatly in 
9 
excess of that absorbed by the oil* 
The machine was placed in a room where only 
LIGHT diffused light entered through drawn yellow win-
dow blinds. Very little light entered the dry-
ing boxes since the openings were covered by two layers of 
cheese cloth,in the form of a curtain. Thus the drying 
during the day was carried out in a dim diffused light* 
The plates were weighed every morning on a 
WEIGHING balance, sensitive to l/lO of a milligram. 
THE The plates were removed from the drying 
PLATES boxes and weighed immediately without the use 
of a dessicator. 
The weighings were carried out by removing 
the supporting tins ( D Pigure 2 ) from the boxes, lifting 
one edge of the glass plate ( E Pigure 2 ) with a knife 
point and inserting underneath a rubber covered two-
pronged wire fork ( Plate I ), by which means it could be 
lifted and transferred directly to the balance without 
coming in contact with the hands. 
After weighing, the plate was immediately returned 
to the drying box without touching with the hands* 
The samples of oils used in this research 
OILS were obtained through the kindness of The Amer-
ican Linseed Company, Chicago; The Chicago Var-
nish Company, Chicago; L. C. Gillespie & Sons, New York; 
A. Klipstein & Company, New York, Harden, Orth & Hastings 
1U 
Chicago; Álden S. Swan & Company, New York; and Prank L. 
Young 5c Kimball, Boston. 
These samples of oils were recommended to us by 
these companies, as pure-nmadulterated. The constants of 
these oils determined by us were in close agreement with 
the constants furnished by the companies' laboratories. 
The oils, and companies furnishing them, are as 
follows: 
1. The American Linseed Company, Chicago, Illinois. 
Linseed Oils, Nos. 1 and 2. 
2. The Chicago Varnish Company, Chicago, Illinois. 
Menhaden Pish Oil, No. 3. 
3. Prank L. Young and Kimball, Boston, Massachusetts. 
Pish Oils, Nos. 4, 5 and 6. 
4. Harden, Orth & Hastings, Chicago, Illinois. 
Soya Bean Oil, No. 7. 
5. L. C. Gillespie & Sons, New York, N. Y. 
Soya Bean Oil, No. 3 and Chinawood Oil, No. 9. 
6. A. Klipstein & Company, New York, N. Y. 
Chinawood Oil, No. 10. 
Nos. 1 and 2, Linseed Oil • The oils 
HISTORY were obtained from the same seed} No. 1 by 
OP OILS the cold naphtha process and No. 2 by the 
hydraulic pressure system. The seed was 
grown in Southern Minnesota and yielded 35,86$ oil and 
9.15$ moisture. The oil content of the seed was below 
11 
normal because of the extreme weather conditions. 
No. 3, Menhaden Fish Oil - Ho history was furnished. 
Nos. 4, 5 and 6 - Fish Oils. Sample 4 was winter-
pressed fish oil which had been chilled, and grained after 
which the stearin was pressed out. Sample 5 was white 
Menhaden fish oil which had been put through the same 
process as Sample 4, then bleached and repressed after 
bleaching. Sample 6 was bleached fish oil which had been 
chilled, grained, settled, pressed and bleached. 
No. 7, Soya Bean Oil - The sample is English soya 
bean oil which has been extracted from the beans by either 
the ether, naphtha or cold pressed process. 
No. 8, Soya Bean Oil - The oil was produced by the 
cold process at Hankow. 
No. 9. Chinawood Oil - This oil was obtained by the 
cold process at Hankow from chinawood nuts. 
No. 10. Chinawood Oil is the average Hankow variety. 
The following is a table of constants 
for the oils used in this investigation 
which agree closely with the constants given 
for pure oils. Values from Lewkowitsch 
have been inserted for comparison of our 
oils with the average. Both maximum and 
minimum values are given wherever obtain-
able. 
13 
14 
TABLES OP EXPERIMENTAL LATA, 
1 - 1 0 
The first five columns are the 
original data and the remainder are cal-
culated from these. 
15 
16 
17 
1 
19 
20 
21 
22 

24 
25 
OIL DRYING CURVES. 
26 
The first ten curves ( 1 • 10) 
represent the gain in weight, ex-
pressed in percent, of the oils as 
they dried over a period of twenty 
days. The gain in weight is given 
as the ordinates and the time in days 
as the abscissa. 
27 










Linseed Oil No. I, Curves 1 and 2. 
DESCRIPTION M i n c r e a s e i n w e i ^ h t at the 
o p T H E
 e n d o f t h e first day. The first sample 
mrotrwo reached its maximum increase ( 13# ) on 
CURVES 
the seventh day. Both coats set up into 
tough, slightly sticky films. They can not be marred by 
the finger tip, but are easily scratched with the finger 
nail. There is a slight odor of linseed. The film is 
transparent. 
Linseed Oil No. 2, Curves 3 and 4. 
Owing to accidental loss of oil on 
both plates, these curves do not follow the regular form. 
They show that the oil reached a maximum on the eleventh 
day and from that time gradually decreased. The descrip-
tion of the oil at the end of the test is the same as for 
Linseed Oil No. 1. 
Menhaden Pish Oil No. 3, Curves 5 
and 6 . 
The increase in weight was very 
rapid at the beginning of the experiment, 6*5% being 
absorbed at the end of the first day and a maximum weight 
of 11% increase was reached at the end of the fourth day. 
A continual decrease is shown from the fifth to the 
twentieth day. An irregularity is noticed in the curves 
between the seventh and eighth days on all the fish oils 
(Curves 5 - 1 2 ) . This was the highest temperature 
( 8 6 0 F. ) reached during the experiment and the lowest 
39 
humidity 54. 
The fish oils lost most of their odor after two days 
drying. 
The films are yellowish in color. They can be easily 
marred by the finger tips and are sticky like fly paper, 
being very soft and stringy. 
Menhaden Fish Oil No. 4 Curves 7 and 8. 
These curves are about the same as those 
of Fish Oil No. 3, but the maximum gain in weight is about 
2$ greater, being 13.5$ . These films dried better than 
Nos. 5 and 6. They are more sticky than Nos. 5 and 6. 
The color is slightly yellowish. 
Pish Oil. No. 5, Curves 9 and 10. 
These curves follow closely the two fish 
oils already described and show a maximum gain of 13$ at 
the end of the third day. 
At the end of the experiment, the properties of the 
films were the same as those of Nos. 7 and 8. The film 
is yellow and transparent. 
Pish Oil No. 6, Curves 11 and 12. 
These curves follow the same general form 
as those of the other fish oils and show a maximum gain of 
13.5$ at the end of the third day. 
The properties of the films at the end of the test 
are similar to Nos. 7 and 8,and 9 and 10. 
Soya Bean Oil No. 7, Curves 13 and 14. 
Curve 14 shows a slow increase (2$) the 
40 
first two days and a rapid increase, (6$) for the third 
and fourth days. The maximum increase of 9$ on the 6&i 
sixth day. A general decrease then followed to the end. 
Curve 13 shows a decrease for the first two days which is 
probably due to a loss of oil from the plate, which was 
not noticed at the time. 
These films set up in fair shape, althouh a little 
more sticky than Linseed Oils, No. 1 and 2. The films 
are very white in color and transparent. 
Soya Bean Oil No. 8, Curves 15 and 16. 
No definite conclusions can be drawn 
from these curves as some of the oil was lost. The curves 
do show, however, a maximum gain at the ninth day. A gen-
eral decrease followed to the end of the experiment. 
The descriptionsof these films are the same as for 
Nos. 13 and 14. 
Chinawood Oil No. 9, Curves 17 and 18. 
The curves show very little increase in 
weight for the first three days* On the third day the 
oils began to show a characteristic translucent whiten-
ing simultaneous with a rapid increase in weight. The 
increase reached its maximum of 10.7$ on the ninth day 
and the weight of the films decreased from that time to 
the end of the experiment on the twentieth day. 
The films at the end of the experiment were trans-
lucent white , with a frosty appearance and have a wood 
41 
oil odor. The films,when rubbed between the fingers, are 
of a mealy nature like art gum. They are not easily 
scratched by the finger nail and are not in the least 
sticky to the touch,or tacky. 
Chinawood Oil. No. 10, Curves 19 and 20. 
These curves have the same general charac-
teristics as Curves 17 and 18. One difference is notice-
able; the oil began to whiten at the end of the second 
day and a rapid increase in weight is also noticeable. The 
maximum increase (l0.5#) in weight was reached on the 
ninth day and from that time the decrease was continuous 
to the end of the experiment. 
The description of the films is the same as for 
Oil No. 9. 
42 
CONDITION 
03? PILES 
The oils had not begun to set up, ex-
cept the chinawood oil, at the end of the 
fifth day, at which time most of the oils hsc 
had absorbed the maximum amount of oxygen. 
l 
This has already been noticed by Sabin. 
He noted a break in the curve representing the loss in 
weight after the film has reached its maximum increase. 
This break is at the fifteenth day for one set of curves 
and the tenth day for the second set. In our curves a 
similar break is shown on the thirteenth day. This break 
is probably due to a point being reached at which the loss 
of volatile products just equals the gain by oxidation. 
4 3 
DAILY VARIATION CURVES. 










The daily variation curves were plotted 
for percent increase in weight, giving the 
DAILY 
« . ™ T time in days as: the abscissa and the percent 
VARIATION 
variation in weight as the ordinates. 
CURVES 
The average temperature and humidity 
1 - 1 0 
curves were plotted on the same graphs* the 
object being to detect if possible some relation between 
the rate of drying of the oil, the temperature and the 
humidity. 
In general, no conclusions can be drawn as to the 
effect of humidity and temperature on the rates of drying. 
The only noticeable irregularity which can be explained by 
humidity is in the fish oil curves on the ninth day. There 
is a noticeable increase in each of the eight samples of 
about 2% when the humidity had increased 30$. This agrees 
with what has been noticed by previous investigators , that 
fish oils are hydroscopic in warm, moist air. 
The curves show that the linseed oils were increasing 
in weight most rapidly on the fourth and seventh days. 
The eight samples of fish oil were increased in weight 
very rapidly for the first two or three days, the soAy«-
bean oil samples increased most rapidly on the fifth day 
and the four samples of chinawood oil increased most 
rapidly on the fourth and fifth days. None of the sam-
ples of the oils show any marked decrease in weight from 
the fourteenth to the twentieth day. 
55 
1. At the end of the twenty days the 
linseed oils had set up to a dry tough trans-
CONCLUSIONS p a r e n t film which could he scratched "by the 
finger nail. 
2. The fish oils did not set up like 
a drying oil hut remained a sticky viscous, transparent 
yellowish liquid with a slight fish oil odor. 
3. The soya "bean oils set up to a 
firm transparent film. The film was much lighter in color, 
"but was not equal to linseed oil in toughness. 
4. The chinawood oils gave excellent 
films. The films however possessed an inferior surface, 
frosty in appearance and unsuitable for varnishes. 
5. It was very noticeable in the dry-
ing of the chinawood oils that the frosted surface began 
to appear simultaneous with the rapid increase in weight 
of the film and reached its maximum weight simultaneously 
with the complete frosting. 
6. The fish oils gained weight much 
more rapidly than any of the other oils and the total 
gain was greater, the average maximum gain being about 
12.5#. The linseed oils were next in order in the rate 
of increase in weight. Both in the rate and the amount 
(11.5^) absorbed. 
The chinawood oil and soya bean 
oil gained weight at a slower rate than the fish and lin-
56 
seed oils. However, they gain weight at about the same 
rate, as is shown by Curves 7, 9 and 10 on the composite 
figure. The maximum gain (10.5$) for chinawood oil is 
1$ less than that of linseed oil and the maximum gain 
(7.7$) for soya bean oil is 2.8$ less than that of china-
wood oil. Curves 2 and 8 were left out in drawing these 
conclusions, since some of the oil was lost from these 
plates. 
7. Linseed, chinawood oil and soya 
bean oils dry within twenty days to a solid film without 
the addition of artificial driers. 
8. All the fish oil samples re-
mained tacky, viscous liquids after twenty days of drying. 
9. The gain in weight is not as 
large and the rate of gain is slower for the raw oils than 
for the corresponding oils with added drier. 
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